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Sr. Assistant General Counsel 
Purdue Pharma LP 
One Stamford Forum 
Stamford, CT 06901 

Re: U.S. Patent Application No. 10/057,630 

Entitled: ANALGESIC COMBINATION OF OXYCODONE 
AND NIMESULIDE 

Euro-Celtique, S.A. 
Your Ref:PTO 176 

Our Ref. No.: 200. 1079CON5 



Dear Alan: 

We have now received an Office Action for the above-referenced patent application, a 
copy of which along with related papers are enclosed for your review. 

A response to the Office Action is due December 7, 2004 . although extensions of time 
are obtainable if necessary. 

Absent your instructions to the contrary, we shall prepare a draft response for your 
review and consideration prior to the due date. On the other hand, if you have any comments or 
suggestions concerning this Office Action, we look forward to receiving the same. 
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ffice Action Summary 



Application No. 

10/057,630 


Applicant(s) 
BURCHETAL 


Examiner 
Bennett Celsa 


Art Unit 

1639 





~ The MAILING DATE of this communication appears on the cover sheet with the correspondence address 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 . 1 36(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

• If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

• If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

1 )S Responsive to communication(s) filed on 01 June 2004 . 
2a)D This action is FINAL. 2b)0 This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 213. 

Disposition of Claims 

4) S Claim(s) 38-44.46 and 47 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) E3 Claim(s) 38-44.46 and 47 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1 .121 (d). 

1 1) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152; 

Priority under 35 U.S.C. § 1 19 

12) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)D All b)Q Some * c)\J None of: 

1 .□ Certified copies of the priority documents have been received. 

2.Q Certified copies of the priority documents have been received in Application No. . 



3.Q Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 



Attachment(s) 

1 ) ^ Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-41 3) 

2) □ Notice of DraftspersorVs Patent Drawing Review (PTO-948) Paper No(s)/lv1ail Date. . 

3) G3 Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) □ Notice of Informal Patent Application (PTO-152) 

Paper No(s)/lv1ail Date 12/2/02: 1/25/02 . 6) □ Other: . 



U.S. Patent and Trademark Office 
PTOL-326 (Rev. 1-04) 



Office Action Summary 



Part of Paper No./Mail Date 20040826 



Application/Control Number: 10/057 f 630 , Page 2 

Art Unit: 1639 

DETAILED ACTION 
Status of the Claims 

Claims 38-44 and 46-47 are currently pending and under consideration.. 

Election/Restriction 

1 . Applicant's election without traverse of Group II (claims 38-44 and 46-47; use in 
methods of treating pain using oxycodone and nimesulide) in the correspondence dated 6/14/04 
is acknowledged. 

Priority 

Applicant should update the cross-reference to parent application which has 
subsequently issued as a patent. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious 
at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention 
was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
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consider the applicability of 35 U.S.C. 103© and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

3. Claims 37-41 , 43-44 and 46-47 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Baker et al. US Pat. No. 4,569,937 (2/86), Swingle et al. Drugs Exptl. Clin. 
Res. Vol. X(8-9) (1984) pages 587-597 and/or Rabasseda. Drugs of Today Vol. 32, No. 5 (1996) 
pages 365-384. 

Baker et al. teach pharmaceutical compositions for relieving pain in humans or 
mammals (e.g. mice, rats etc.) comprising a combination of : 

a. a narcotic analgesic (preferably oxycodone: see formulations col. 4-8; mice data in 
col. 8-10; patent claims), or a pharmaceutical^ acceptable salt thereof; and 

b. a non-steroidal anti-inflammatory drug or NSAID (preferably ibuprofen: see col. 1-2), 
or a pharmaceutical^ acceptable suitable salt thereof, 

in a weight ratio of about 1 :800 (e.g. .001 :1 ) to 1:1 (compare to present claim 47: See 
col. 2) 

with oxycodone amounts of about 5 mgs-600mgs (compare to present claim 46). 

The Baker reference teaches oral administration (e.g. see present claim 39), 
which can be coadministered in a "single dosage form" (e.g. see col. 3-8: and present 
claim 40) or sequentially administered (e.g. as in present claim 42; see i.e. col. 8-9 ; ".. 
mice are dosed sequentially..."). The Baker et al. reference teach that dose ratios can 
be adjusted and that the analgesic activity of the combined oxycodone and ibuprofen 
activity is "unexpectedly enhanced" or synergistic "i.e. the resulting activity is greater 
than the activity expected from the sum of the activities of the individual components", 
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thereby permitting "reduced dosages of narcotic analgesics" (e.g. oxycodone) AND 
which diminishes adverse side effects (e.g. addiction) and toxicity which would result 
from the otherwise required amounts of the individual drug components" resulting from 
high dosages of oxycodone or NSAID's such as ibuprofen. See e.g. col. 1-2; col. 3, 
lines 19-32 (e.g. compare to present 43 and 44 "reduced" active ingredients). 
Accordingly, Baker would teach the use of therapeutic and subtherapeutic amounts of 
oxycodone and/or ibuprofen in view of the synergistic nature of the combinations and 
the desire to reduce the toxicity and/or side-effects of both agents; and as required by 
the doctor for his/her particular patient., including dosage optimization e.g. dosage 
overlapping of active ingredients. See e.g. col. 3 where dosage is modified to suit the 
particular patient. 

The Baker analgesic composition differs from that presently claimed in that it fails 
to teach the substitution of nimesulide for ibuprofen, or alternatively, the further 
incorporation of (e.g. encompassed by "consisting essentially of") Nimesulide into the 
Baker compositions. 

Swingle et al. teach that Nimesulide is a sulfoanilide non-steroidal anti- 
inflammatory drug (e.g. NSAID) that is four times more potent that indomethacin in anti- 
inflammatory rodent assays and as compared to other NSAID's (including ibuprofen), 
nimesulide has an extremely favourable therapeutic ratio in rats and has minimal Gl 
toxixity in rats and pigs. See e.g. Abstract; Figures 2-1 1 . 

Similarly, Rabasseda teach that Nimesulide is a sulfonamide NSAID that 
possess potent antiinflammatory, analgesic and antipyretic activites in a wide-range of 
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animal experimental models and a potent and specific inhibitor of cyclooxygenase 
(e.g.COX2) and as such has a much lower risk of gastroduodenal lesions in comparison 
with other NSAID's, including ibuprofen. E.g. see pages 365 and 374-377. 

Accordingly, one of ordinary skill in the art would have been motivated to 
substitute Nimesulide (a NSAID) for ibuprofen (a different NSAID) in the Baker 
reference compositions in light of the Swingle et al. and/or Rabasseda reference 
teachings that Nimesulide is more efficacious, and safer with less side effects (e.g. as 
compared to other non-selective COX-2 inhibitor NSAID's i.e. ibuprofen). 

Alternatively, one of ordinary skill in the art would have been motivated to 
incorporate Nimesulide, with its potent analgesia and reduced side-effect, into the Baker 
ibuprofen/oxycodone compositions in order to reduce the amounts (e.g. 
therapeutic/subtherapeutic) of ibuprofen/oxycodone in order to avoid the side effects 
(e.g addiction) or toxicity resulting from ibuprofen/oxycodone. 

Additionally, it is noted that the instant situation is amenable to the type of 
analysis set forth in In re Kerkhoven, 205 USPQ 1 069 (CCPA 1980) wherein the court 
held that it is prima facie obvious to combine two (or more) compositions each of which 
is taught by the prior art to be useful for the same purpose 

Thus, it would have been prima facie obvious to one of ordinary skill in the art at 
the time of applicant's invention to modify the Baker reference analgesic composition by 
substituting the NSAID Nimesulide (for the NSAID ibuprofen) or supplement Baker's 
composition with Nimesulide in light of the benefits of Nimesulide (increased 
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safety/decreased side effect as compared to ibuprofen) as taught by the Swingle et al. 
and/or Rabasseda references. 

4. Claims 38-44 and 46-47 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over the Baker et al. '937, Swingle et al. and/or Rabasseda references, references 
applied to claims 37-41, 43-44 and 46-47 above, and further in view of Mayer et al. US Pat. No. 
5834,479 (1 1/98). 

The teaching of the Baker, Swingle and/or Rabasseda references recited above 
is hereby incorporated by reference in its entirety. 

To the extent that the Baker, Swingle and/or Rabasseda references fail to teach 
the administration of the analgesia active agent (e.g. Nimesulide) "before, ... with, or 
after" administration of the oxycodone" (particularly before/after ) (e.g. see present claim 
41 ) the Mayer et al. reference is cited. 

The Mayer et al. reference teaches that analgesia effectiveness of an analgesia 
active agent (e.g. a NSAID, such as ibuprofen see i.e. table in col. 7) can be 
"significantly enhanced" by administering (e.g. oral administration) the active agent 
"prior to, with or following the administration of an analgesia enhancer" (e.g. a nontoxic 
NMDA receptor blocker and/or a nontoxic substance that blocks at least one major 
intracellular consequence of NMDA receptor activation) such as "dextromethorphan", 
which is the D-isomer of codeine . See e.g. col. 1 ; patent claims. 

Accordingly, the Mayer et al. reference provides motivation to one of ordinary 
skill in the art to not only co- administer different analgesic agents to achieve enhanced 



Application/Control Number: 10/057 t 630 , Page 7 

Art Unit: 1639 

analgesia, but to also administer the NSAID prior or subsequent to the second 
analgesic agent i.e. an analgesia enhancer, which includes codeine or its derivatives 
(e.g. dextromethorphan, dextrorphan, oxycodone etc.) . 

Thus, it would have been prima facie obvious to one of ordinary skill in the art at 
the time of applicant's invention to modify the combined Baker, Swingle and/or 
Rabasseda reference teachings by administering one of the analgesic active agents 
(e.g. Nimesulide) "before, ... with, or after" administration of the second analgesic agent 
(e.g. oxycodone) in order to obtain significantly enhanced analgesia. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Bennett Celsa whose telephone number is 571-272- 
0807. The examiner can normally be reached on 8-5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Andrew Wang can be reached on 571 -273-081 1 . The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Bennett Celsa 
Primary Examiner 
Art Unit 1639 



BC 

August 26, 2004 
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PRECLINICAL PHARMACOLOGICAL STUDIES WITH NIMESULIDE* 

SWINGLE K.F„ MOORE Q.Q.L 

Riker Laboratories, 3M-Company, Saint Paul, MN, USA. 

Summary: Nimesulide is a new nonsteroidal anti-inflammatory drug (NSAID) which is chemically 
different from other drugs of this class because Its functional acidic group is sulfonamide. It has 
three to four times the potency of indomethacln in conventional anti-inflammatory assays in rodents, 
it possesses analgesic and antipyretic activities. Compared v/ith other NSAlDs nimesulide has an ex- 
tremely favourable therapeutic ratio in rats and has minimal acute gastrointestinal toxicity in rats and 
pigs. Its relatively weak Inhibition of prostaglandin synthetase In vitro suggests that the molecule Is 
either activated in vivo or possesses additional mechanisms of anti-inflammatory action. The unique 
potency conferred on the molecule by the 4-nitro substltuent leads the authors to speculate that 
metabolic activation involves reduction of this group. 



Introduction 

Most of the currently available acidic, non-ster- 
oidal anti-inflammatory drugs are either carboxylic 
acids (e.g., indomethacin, naproxen, ibuprof9n) or 
enolic acids (e.g., phenylbutazone, sudoxicam). 
Nimesulide (4-nltro-2-phenoxymethanesulfonani- 
lide) is a potent anti-inflammatory compound whose 
functional acidic group is sulfonanillde. Nimesul- 
ide was selected from a group of several hundred 
suifonalides synthesized at Riker Laboratories as 
the most potent anti-inflammatory compound of 
the series (1 , 2). 

The authors had previously conducted 
preliminary safety and anti-inflammatory/analgesic 



efficacy studies in humans with another 
sulfonanillde, diflumidone (Fig. 1). 



Methods and results 



Anti-inflammatory activity (3, 4) 

Carrageenan-induced oedema of the raVs paw. 
The method described by Winter et a/. (5) was 
used, with slight modifications. Drugs were admin- 
istered 15 min before, and the amount of swelling 
of the rat's hind paw determined 3 h after, the 
subplantar injection of a 0.5% suspension of car- 



• Presented ai the 1st World Conference on Inflammation, Antirheumatics, Analgesics, Immunomodulators, Venice. 16-18 April 
1984. 

0378.6501/84/08-900587 + 11 $02.00/0 © 1984 Bioscience Edlprlnt Inc. 
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rageenan. After oral administration, the potency of 
nimesulide was estimated to be approximately 120 
times that of aspirin and three times that of in- 
domethacin in this assay (Fig. 2). 



Ultraviolet llght-induced rythema of guinea pig 
skin. The method of Winter et a/. (6) was used, 
with minor modifications. Drugs were adminis- 
tared orally 30 rnin before exposure of circum- 
scribed regions of depilated skin to ultraviolet 
light. The erythemas were scored 2 h after ex- 
posure. The ED-50 values determined for 



nimesulide, Indomethacin, diflumidone and aspirin 
are shown in Fig. 3. Nimesulide had approximately 
four times the potency of indomethacin in this 
assay. 

Adjuvant-induced arthritis of the rat Arthritis 
was induced in rats by the intracutaneous injec- 
tion into the distal half of the tail of killed 
Mycobacterium butyricum, suspended in 0,05 ml 
of mineral oil (7). Drugs were administered orally 
after the arthritis was fully established. The 
minimally effective dose of nimesulide in this 
assay was about 0.2 mg/kg (Fig. 4). 




Fig, 3 Effect of nonsteroidal anti-inflammatory drugs on UV-induced erythema in guinea pigs. 
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Anti-inflammatory activity in adrenalectomized 
rats. The anti-Inflammatory activity of nimesulide, 
as assessed in carrageenan-induced oedema of 
the rat's paw, was not affected by adrenalectomy 
(Fig. 5), which suggests that the drug does not pro- 
duce Its anti-inflammatory effects indirectly 
through stimulation of adrenocortical secretion. 

Analgesic and antipyretic activities (8, 9) 

The Randall-Sefltto assay (10), as modified by 
Swingle et al. (8). determines the reaction 



threshold to pressure of the yeast-Inflamed rat's 
paw. Drugs were administered orally 2 h after the 
injection of the yeast. Thirty minutes later the 
reaction thresholds to pressure of the paws were 
determined. The oral ED-50 of nimesulide was 
determined to be 5.2 (4.8-5.6) mg/kg in this assay. 
This is about 25 times the potency of aspirin and 
five times that of propoxyphene (Fig. 6). 

Nimesulide was also effective In reducing the 
abdominal constriction response ("writhing") of 
mice induced by the Intraperitoneal injection of 
phenyiquinone. The drug produced 50% inhibition 
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of the response at an oral dose of 5 mg/kg. It was 
estimated to have about five times the potency of 
aspirin In this assay. At oral doses of 1.0 to 30 
mg/kg, nlmesullde significantly reduced the hyper- 
thermia induced in rats by subcutaneous Injection 
of yeast, it was more potent than phenylbutazone 
as an antipyretic in this assay. 

Metabolic studies (9. 11, 12) 
A highly significant correlation between the 



mean plasma concentration and the anti-oetiemic 
activity of nimesulide was demonstrated in the rat 
(Fig. 7). A plasma concentration of about 2 *ig/rr,| 
resulted in 40% Inhibition of carrageenan-induced 
oedema of the rat's paw. In man, steady state 
plasma levels of about 6 iig/ml are achieved with a 
dosage of 100 mg of nimesulide given four times a 
day. 

Nimesulide is well absorbed, after oral adminis- 
tration to rats, dogs or men. One metabolite {4'- 
hydroxynimesullde) has been positively identified 
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Fig, 7 Relationship between mean log plasma concentrations and mean anti-oedema activity in rats. 
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In plasma from men.. Excretion of nimesuUde Is 
primarily faecal In rats, suggesting the possibility 
of enterohepatic cycling in this specl9S. In dogs 
and men both urinary and faecal routes of excre- 
tion are important. The plasma half-life for un- 
changed drug is about 3, 2, and 5 h for rats, dogs, 
and men respectively (Fig. 8). 



ToxJcologicat data 

Therapeutic indices (LD-50/ED-50, oedema) 
were determined for nimesulide and seven other 



nonstdrdidal anti-Inflammatory drugs in rats (4) 
(Fig. 9). Nimesulide and naproxen possess the 
most favourable therapeutic indices in this 
species. 

Rainsford (13) assessed the comparative gas- 
tric ulcerogenic activity of nonsteroidal anti- 
inflammatory drugs in rats. Drug effects were 
determined 2 h following their oral administration. 
Nimesulide and sullndac, among others, were 
classified as having low ulcerogenic activity (Fig. 
10). Rainsford (unpublished data) also determined 
the effect of a single oral dose (100 mg/kg) of 
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Fig. 8 Metabolic data for nimesulide. 
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RainsfordpS)). 



nimesuilde In stressed pigs. No gastric lesions 
were produced by the drug in this species, 
whereas aspirin produced a mean total lesion 
count of 33 ± 17. 



Inhibition of prostaglandin synthetase (14) 

Nimesuilde Inhibits competitively the synthesis 
of prostaglandins from bovine seminal vesicles. 
The order of potency, as shown by the IC-50 
values, Is indomethacin > diflumidone > 
nimesuilde > aspirin (Fig. 11). Analysis of kinetic 
data results in Inhibitory constants of 0.11 and 3.0 
yM for diflumidone and nimesuilde respectively. 
Thus the affinity of diflumidone for the enzyme 
compares most closely with that for indomethacin 
(Kt = 0.15 nM), while that for nimesuilde compares' 
most closely with phenylbutazone (K { = 2.3 jiM; 



data not shown). Aspirin has relatively weak affini- 
ty for the enzyme. 

The sulfonamides, nimesuilde and diflumidone, 
do not show any correlation between their pro- 
staglandin synthetase Inhibitory potencies in vitro 
and their anti-inflammatory potencies In vivo, 
Nimesuilde Is considerably more potent (about 30 
times) than diflumidone in vivo (Fig. 2) but the con- 
verse is found in vitro (Fig. 11). Similarly, 
nimesuilde has about three times the potency of 
indomethacin in vivo but only one-fiftieth the 
potency of indomethacin in vitro. These data sug- 
gest mechanisms of anti-inflammatory action in 
addition to Inhibition of prostaglandin synthesis for 
nimesuilde; or, alternatively, metabolic activation 
of nimesuilde in vivo. The relatively weak inhibition 
of prostaglandin synthesis by unchanged 
nlmesulide might partially account for the reduced 
gastrointestinal toxicity of the drug. 
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Fig, 11 Inhibition of prostaglandin synthesis by nonsteroidal anil-Inflammatory drugs. 



Discussion 

The authors speculate that metabolic activation 
of nimesulide occurs In vivo. The 4-nitro substi- 
tuted molecule Is uniquely potent among the anti- 
inflammatory sulfonanllldes. Neither the 3- t 5- or 6- 
nitro isomers nor analogues with various substi- 
tuents {e.g., methyl, chloro, amino, etc.) at the 4- 
position approach nimesulide In anti-inflammatory 
potency {unpublished data). The potency of 
nimesulide In vivo is much greater than would be 
predicted from Its inhibition of prostaglandin 
synthetase in vitro. There Is solid evidence that 



free radicals are involved In the enzymatic oxida- 
tion of arachldon|c acid (15). Possible reactive 
metabolites of nimesulide include free radical 
species which could interact with free radical in- 
termediates of arachldonic acid formed during its 
enzymatic oxidation. The uniqueness of the 4-nitro 
substituent of nimesulide suggests metabolic ac- 
tivation of the molecule to account for its anti- 
inflammatory activity in vivo. Oxidation of certain 
arenesulfonanilldes yields an observable aminyl 
radical (Fig. 12). Based on structural considera- 
tions, the authors consider this type of oxidation to 
be unlikely for nimesulide. The one-electron reduc- 
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Is the 4N0, Group of Nimesulide MeiaboiicaJly 
Activated? 



(1) 4-N0, > 3-, 5-, or 6-NO, or 1 5 other substiiuents (e.g.; CH 3 , CI, 
NH 2 »••) 

(2) In Vivo Potency $> in Vitro Potency 

(3) Free Radicals Involved in Prostaglandin Synthesis 
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Fig. 12 Is the 4-NOi group of nimesulide metabollcally activated? 
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Summary tj ' 

Nimesulide is a sulfonanillde nonsteroidal antiin- 
flammatory drug (NSAID) whose antiinflammatory, 
analgesic and antipyretic activities have been dem- 
onstrated in several widely used animal experimen- 
tal models. The drug has shown potent antiinflam- 
matory, analgesic and antipyretic activities when 
given orally or rectally twice dally at doses of 200 mg/ 
day, although it is a relatively weak inhibitor of physi- 
ological prostaglandin synthesis. It acts rather as an 
inhibitor of oxygen free radicals and hypochlorous 
acid production and release in neutrophils without 
affecting their function, and as a potent and specific 
inhibitor of cyclooxygenase 2, the inducible form of 
the enzyme present in inflammatory cells. By 
respecting the activity of cyclooxygenase 1 , nimesu- 
lide has a much lower risk of gastroduodenal lesions 
in comparison with most NSAIDs, a fact that may 
produce a significant improvement in the treatment 
of inflammatory diseases. Cyclooxygenase 2 is most 
probably involved in ' inflammatory reactions, in 
which significant contributions from free oxidants 



and extracellular proteases are also involved. Nime- 
sulide has a high affinity and selectivity for cyclooxy- 
genase 2, but it also acts as phosphodiesterase type 
IV Inhibitor and has antiprotease effects against neu- 
trophil elastase, cartilage coilagenase and strornely- 
$ln. It is, thus, a multi-action compound with innova- 
tive antiinflammatory properties. In fact, the 
antiinflammatory efficacy of nimesulide has been 
demonstrated in clinical trials with patients with a 
large number of inflammatory conditions, including 
osteoarticular, otorhinolaryngological, odontological 
and other painful inflammatory processes, and its 
analgesic and antipyretic efficacies have also been 
controlled in a broad range of clinical situations. Fur- 
thermore, double-blind, comparative trials have 
shown nimesulide to be at least as effective as 
established NSAIDs. but with a trend toward a better 
side effects profile. 

Introduction 

Inflammation is a very complex process in which 
the activity of many ceil types and mediators are 
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involved. Normally, tissue injury or the presence of 
foreign materials initiates a cascade of events which 
involves the participation of a complex battery of 
enzymes, mediators, fluid extravasation, cell migra- 
tion and tissue breakdown and repair mechanisms 
that eventually result in the signs of inflammation: 
redness, swelling, heat, pain and loss of function, 
Stimuli that cause Inflammation may be highly vari- 
able, but the process is mediated by a large but lim- 
ited number of mediators, including prostaglandins, 
leukotrienes, interleukins, oxygen free radicals and 
other oxidants (nitric oxide, chloramines, hypochlo- 
rous acid), which apart from directly inducing tissue 
damage, inactivate protease inhibitors such as 
ai-antltrypsin, the specific inhibitor of neutrophil 
elasfase, thereby favoring digestion of the connec- 
tive tissue matrix. These substances are produced 
by inflammatory cells, which include polymorpho- 



nuclear leukocytes (neutrophils, eosinophils, baso- 
phils), endothelial cells, mast cells,, macrophages/ 
monocytes and lymphocytes. Other stimuli leading 
to tissue inflammation include histamine, immuno- 
logical events, chemotactic factors, and many more. 
Figure 1 . shows a summary of the main inflammatory 
stimuli. 

Prostanoids, which Include prostaglandins and 
thromboxanes, and leukotrienes, are lipid mediators 
generated from membrane phospholipids by the 
action of several enzymes, which include phospholi- 
pase Ag, cyclooxygenase, lipoxygenase and 
enzymes specific for the synthesis of individual pros- 
tanoids. Prostaglandins, the products of the cyclo- 
oxygenase pathway that transforms arachidonic 
acid into the whole family of these autacoids, are 
involved in all phases of the inflammatory process, 
fever and pain reactions (1), as well as in a large 
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Fig. 1 . Main stimuli leading to tissue inflammation. Inflammation may be the result of the action of prostaglandins and leuko- 
trienes from polymorphonuclear cells, histamine released by mast cells and basophils, and oxygen free radicals produced 
by neutrophils and other inflammatory cells. Other secondary factors contributing to inflammation Include proteolytic 
enzymes that mediate the digestion of the connective tissue matrix, immunoglobulins, complement, platelet-activating fac- 
tor, neuropeptides, serotonin, Interleukin and many others. 
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number of physiological functions, including intesti- 
nal motility, platelet aggregation, vascular tone, renal 
function, gastric secretion, gastric mucosal integrity, 
etc. (2). 

Nonsteroidal antiinflammatory drugs (NSAlDs) 
are a nonhomogeneous family of pharmacologically 
active compounds that act mainly by blocking pros- 
taglandin production; they are used in the treatment 
of acute and chronic inflammatory pain. These com- 
pounds are characterized by their ability to relieve 
pain, fever and inflammation associated with painful 
inflammatory disorders and other conditions (3) , and 
include salicylates (acetylsalicyllc acid, diflunisal, 
benorylate). anthranilicacld derivatives (mefenamic 
acid, rneclofenamic acid, flufenamic acid, niflumic 
acid), phenylproplonic acid derivatives (fenoprofen, 
ibuprofen, naproxen, ketoprofen, flurbiprofen, fen- 
bufen. tiaprofenic acid), indoles (indomethacin, 
ketorolac, sulindac, tolmetin, etodolac), oxlcams 
(piroxicam, tenoxicam, meloxicam) and acetic add 
derivatives (diclofenac, alclofenac). NSAIDs are 
thought to produce their therapeutic effects via the 
inhibition of cyclooxygenase, the rate-limiting 
enzyme that initiates the arachldonic acid cascade 
which leads to prostaglandin and thromboxane syn- 
thesis, thus preventing the production of proinflam- 
matory prostaglandins, notably prostaglandin E2 
(PGE 2 ). However, the nonspecific inhibition of pros-, 
taglandin synthesis results in adverse events due to 
the lack of critical prostaglandins, which, in the stom- 
ach, Is a cause of irritation and ulceration (4). 

Nimesulide is an innovative sulfonanillde NSAID 
because it specifically inhibits not only the cyclooxy- 
genase form found In inflammatory cells but also 
other substances leading to inflammation, such as 
free oxidants. 

Mechanism of Action and Animal 
Pharmacology 

Nimesulide is an innovative NSAID which is 
chemically different from other drugs in this class 
because of its functional acidic group in the sulfona- 
mide moiety (Fig. 2). Like all NSAIDs, nimesulide 
acts by inhibiting the synthesis of endogenous pros- 
taglandins as a consequence of a blockade of the 
enzyme cyclooxygenase (prostaglandin-endoper- 
oxide synthase [EC 1.14.99.1]), although it shows 
less potency than other NSAIDs in prostaglandin 
production tests in vitro (5-7). In contrast to indome- 
thacin, nimesulide more potently inhibited PGE 2 and 
thromboxane A 2 production in inflammatory exudate 
than in the normal gastric mucosa of rats, and after 
subchronic administration for three days (up to 9 
mg/kg p.o.), which is about seven times the antiin- 
flammatory dose in the carrageenan rat paw edema 




NO* 



AK4.Nltro-2-phBnoxypheny0n^^ 

Fig. 2. Molecular structure and chemical name of 
nimesulide. 

test, It did not modify urinary PGE 2 concentrations 
(8). 

Nimesulide has exhibited potent antiinflamma- 
tory and analgesic activities in a number of exper- 
imental models of Inflammation, including carra- 
geenan-induced paw edema, Freund's complete 
adjuvant-induced arthritis and Randall-Selitto test in 
rats T UV-induced skin erythema in guinea pigs and 
phenylquinone-lnduced writhing in mice (9), and has 
been shown to be four times more potent than Indo- 
methacin in conventional antiinflammatory assays in 
rodents. In rats and guinea pigs it has an extremely 
favorable therapeutic ratio, with minimal acute gas- 
trointestinal toxicity (5). However, the apparent in 
vitro activity of nimesulide on prostaglandin synthe- 
sis does not agree with Its potent antiinflammatory 
activity in animal experimental models. Possible 
explanations for this may be a different mechanism 
of action, such as the formation and scavenging of 
free oxidants, which has been the object of many 
investigations, or the drug's selectivity for cyclooxy- 
genase 2, the inducible form of the enzyme present 
in inflammatory cells. 

Nimesulide and cyclooxygenase: selectivity for 
cyclooxygenase 2 

The preliminary findings on the activity of nime- 
sulide on prostaglandin formation did not directly 
reflect the weak inhibitory activity of nimesulide on 
cyclooxygenase, which is in contrast to the potent 
activity of most NSAIDs on this enzyme. Cyclooxy- 
genase Is a Afunctional, intracellular, membrane- 
bound heme-protein that catalyzes the bisoxygena- 
tion of arachidonic acid to prostaglandin G 2 and its 
subsequent reduction to prostaglandin H 2 , thus initi- 
ating the prostanoid pathway of the arachidonic acid 
cascade (10). Subsequent transformations of pros- 
taglandin H 2 give many prostaglandin and throm- 
boxane types, including potent mediators of 
inflammation, as well as prostaglandins necessary 
for the correct functioning of many systems and 
organs, such as gastric mucosa protection, renal 
function, vascular homeostasis (prostaglandin l 2 or 
prostacyclin), smooth muscle contraction, parturi- 
tion or platelet aggregation. 
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Fig. 3. Pathways of constitutive and inducible cyclooxyganases and consequences of their Inhibition. 



The discovery of two forms of the enzyme: the 
constitutive cyclooxygenase 1 (COX-1) and the 
inducible cyclooxygenase 2 (COX-2), which is 
Induced by a variety of factors such as bacterial 
endotoxin (lipopolysaccharide), interleukin-1, phor- 
bol esters and other mitogens, and is almost only 
found In stimulated inflammatory cells (Fig. 3) 
(11-17), gave a possible explanation for the weak 
effect of nimesulide found in previous assays. In 
fact, the drug was found to selectively inhibit COX-2 
(ICso = 10 nM) r with a selectivity ratio versus COX-1 
of > 1 000 (16,18-21 ), which means that it Is the most 
selective COX-2 inhibitor currently available. Fur- 



thermore, the inhibitory activity of nimesulide on 
COX-2 was found to be time-dependent (20). 

As is apparent from Figure 4, combined data 
from several determinations of Inhibitory potency 
against COX-1 and COX-2 in cells tests and purified 
enzyme (11, 17-26) shows that only four com- 
pounds, nimesulide, fluphenazine, niflumic acid and 
mefenamic acid, are selective for COX-2, with 
potency ratios greater than 10, nimesulide being the 
most selective among those currently available, with 
reported values as high as >1000 in some assays, 
according to Vane and Bottlng (25) (Table I). Most 



1000 



i 




0.0001 



Fig. 4. Relative potency against cyclooxygenase 1 (COX-1 ) and cyclooxygenase 2 (COX-2) of several NSAIDs currently 
available. Data for nimesulide is biased, as reported values against cyclooxygenase 1 range from inactive (value not con- 
sidered) to 0.01 , with a median (depicted) of 0.007. (Data from refs. 11 , 17-26.) 
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Table I: Comparative activities of nimesulide and repre* 
sentatlve nonsteroidal antiinflammatory drugs against 
cyciooxygenasos type 1 and 2. Data correspond to 
potency ratios (ICso) against cyclooxygenase 2/cyctoox* 
ygenase 1 in intact cell systems. (From Vane and Bottlng 
125}.) 



Drug 



Cyclooxygenase 2/ 
cyclooxygenase 1 ratio 



Plroxicam 




250 


Tolmetln 




175 


Acetyisalicyllc acid 




166 


Sulindac 




100 


Indomethacin 




60 


Tolfenamic acid 




16.7 


Ibuprofen _ 




15 


Paracetamol 




7.4 


Sodium salicylate 




2.8 


Flurbiprofen 




1.3 


Carprofen 




1 


Meloxlcam 




0.8 


Diclofenac 




0.7 « 


Naproxen 




0.8 


Nimesulide 




0,1 



currently used NSAlDs, however, are COX-1 selec- 
tive with potency ratios up to 100 (indomethacin, 
acetyisalicyllc acid, tolmetin, plroxicam). 

As COX-1 is responsible for the production of 
prostaglandins crucial for the normal hemostatic, 
gastric and renal function, whereas COX-2 is essen- 
tially present in inflammatory cells, the selectivity of 
action of nimesulide on COX-2 makes this drug 
largely devoid of most of the troublesome toxic 
effects of NSAIDs, especially on gastric prostaglan- 
din synthesis and endothelial prostacyclin synthesis 
(risk of bleeding). 

Interestingly, nitric oxide synthase, which regu- 
lates the production of nitric oxide, another potent 
inflammatory, vasodilator, platelet antiaggregatory 
mediator, has also been found to possess constitu- 
tive and inducible isoforms, and important interac- 
tions have been noted between the inducible form of 
nitric oxide synthase and COX-2. Both enzymes are 
highly sensitive to induction by endotoxins (lipopoly- 
saccharide) and phorbol esters, and in vitro experi- 
ments have shown that many of the inducers of the 
COX-2 gene are also inducers of inducible nitric 
oxide synthase. Moreover, nitric oxide and prosta- 
glandins, the respective products of nitric oxide syn- 
thase and COX-2, have been shown to cross-modu- 
late the activity of their producing enzymes in a 
number of experimental models (17, 22). 

Nimesulide and oxidants: oxygen free radicals and 
chloramines 

The initial pharmacological studies showed that 
nimesulide, in addition to inhibiting prostaglandin 



synthesis, inhibits the production of oxygen free 
radicals as well (27). The drug also inhibits the gen- 
eration of long-lived monochloramines and hypoch- 
lorous acid in neutrophils incubated with pha- gocy- 
tosible opsonized zymosan particles by means of 
scavenging and myeloperoxidase antagonism acti- 
vities. As these chlorinated oxidants induce direct 
cell damage, but ad as inactivators of protease 
inhibitors as well, the inhibition brought about by 
nimesulide results in a potent antiinflammatory effect 
(28-31). These activities of nimesulide are highly 
relevant, given that free radicals produced by neu- 
trophils have been linked to the pathophysiology of 
many inflammatory diseases (32). Moreover, nime- 
sulide, by scavenging the hypochlorous acid 
released by neutrophils through the action of mye- 
loperoxidase, prevents the oxidative inactlvation of 
ai -proteinase inhibitor, further helping control the 
inflammation (33, 34). In another activity related to 
the action of free radicals, nimesulide was shown to 
inhibit the photohemolysis induced in vitro by tiapro- 
fenic acid In red blood cells (35). 

Other tests In neutrophils and monocytes from 
healthy volunteers treated with nimesulide showed 
that the drug inhibited ex vivo production of superox- 
ide anion (OJ) when the cells were stimulated with 
the chemotactic formylated tripeptide N-formyl- 
methlonyl-leucyl-phenylalanine (fMLP), the calcium 
ionophore calcimycin (A-23187), the phorbol ester 
activator of protein kinases 1 2-Otetradecanoyl- 
phorbol-13-acetate (TPA), which mediates the 
activatiorfbf neutrophils and macrophages, or opso- 
nized zymosan particles (36-39). 

The effect of nimesulide on C£ production may be 
related to its inhibitory activity on polymorphonuclear 
leukocyte cytosolic phosphodiesterase type IV 
(cAMP-specific), thus Increasing cytosolic cAMP 
and, as a consequence, protein kinase. A activity, 
which prompts the phosphorylation of a number of 
substrates and Inhibits the assembly of NADPH-oxi- 
dase in the plasma membrane. Protein kinase A also 
interferes with chemotaxis; thus, nimesulide also 
inhibits stimulated chemotaxis. In fact, H-89 1 , a spe- 
cific protein kinase A inhibitor, was capable of coun- 
teracting the effect of nimesulide on fMLP- and TPA- 
induced O] production and stimulated chemotaxis 
(38). Through the inhibition of phosphodiesterase 
type IV, nimesulide also reduces the activity of phos- 
pholipase A^ as a result of the increased level of 
cAMP. By inhibiting phospholipase A 2 , which is 
mainly responsible for arachidonic acid release from 
membrane phospholipids, nimesulide has a further 
inhibitory effect on the synthesis of prostaglandins, 



1 A/ - [2 - (2 - Bromocinnamylamino)ethyl]isoquinoline-5- 
sulfonamlde. 
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Fig, 5, Proposed mechanism of action of nimesulide on oxygen free radical formation and neutrophilic Inflammation. Nlme- 
sulide has been shown to Inhibit phosphodiesterase type IV, resulting In an accumulation of cAMP in polymorphonuclear 
leukocytes, inflammatory cells that contain most of the phosphodiesterase type IV isozyme. As a result of cAMP accumula- 
tion, protein kinase A Is stimulated, which results in an inhibition of chemotaxia and NADPH oxidase activity, thus inhibiting 
the formation of Of. The latter is dlsmutatod to hydrogen peroxide (H 2 0 2 ), which, by the action of myeloperoxidase, is 
transformed into hypochlorous acid (HOCI) which, in turn, Is transformed into chloramines (R-NHCI) and inactivated 
ai -antitrypsin, the enzyme that inhibits elastase and thus prevents the digestion of the intercellular connective matrix. 
Therefore, nimesullde, a potent antiinflammatory drug, adds to a potent cyclooxygenase 2 Inhibition, a potent inhibitory 
activity on phosphodiesterase type IV (ICso = 39 uM) that results in an inhibition of the formation of injurious free oxidants 
H^Oa, HOCI, •OH, R-NHCl [marked by white boxes in the drawing]), a prevention of chemotaxie and a prevention of 
the inactivation of ai -antitrypsin, thus protecting the tissue matrix from digestion. On the other hand, as cAMP has an inhibi- 
tory effect on phosphatase A2, the enzyme that by hydrolyzing membrane phospholipids forms arachidonic acid as a 
source for the generation of prostaglandins (PG), leukotrienes (LT) and platelet-activating factor (PAF), the effect of nime- 
sulide on phosphodiesterase type IV further interferes with the production of these inflammatory mediators (40, 41 , 166). 



leukotrienes and platelet-activating factor, which 
complement the direct inhibitory activity on COX-2 
(40). 

At the same time, the interference with O ] forma- 
tion brought about by nimesulide reduces the forma- 
tion of chloramines, which also act as oxidative tis- 
sue damagers and inactivate cm -antitrypsin, the 
physiological inactivator of elastase that prevents 
the digestion of the connective tissue matrix (41). 

The general picture of nimesulide's action on 
phosphodiesterase type IV, oxygen free radicals and 
chloramines is illustrated in Figure 5. 

The antioxidant activity of nimesulide, which was 
greater than that of its metabolites, was comparable 
to that of other potent antioxidant antiinflammatory 
agents, such as tenoxicam (42). The drug also inhib- 
ited hydrolytic enzyme release from neutrophils 
when incubated with calcimycin or fMLP, but not 
when the stimulating agent was TPA, and its activity 
was reversed by theophylline; a specific adenosine 
receptor antagonist suggesting a role played by an 



adenosine-rnediated mechanism (37). Neverthe- 
less, as in previous tests, control of the neutrophil 
oxidative potential with nimesulide does not impair 
the cell's ability to handle microorganisms, and no 
increase in the incidence of infections has been 
observed during nimesulide treatment (43). 

The inhibition of lipid peroxidation brought about 
by nimesulide was confirmed in rats with acute etha- 
noi intoxication, in which the drug inhibited the 
hepatic increase in triacylglycerol and thiobarbituric 
acid reactive substance, with no changes in ethanol 
levels (44). Detailed analyses have shown that 
nimesulide inhibits neutrophil migration primarily by 
limiting cell anchorage to the tumor necrosis factor 
a-activated endothelium (45). 

Nimesulide and extracellular proteases: role 
in articular and ainvay inflammation 

Many osteoarthritic diseases are essentially the 
result of progressive erosions of the articular carti- 
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(age by three independent but closely related pro- 
cesses: i) enzymatic degradation; ii) reduced syn- 
thesis of matrix components; and ill) noxious effects 
of oxygen free radicals and other oxidants. As 
reported in the above sections, nimesulide inhibits 
the action of most free oxidants, but recent studies 
have suggested a role in blocking enzymes that 
degrade the cartilage matrix and in enhancing the 
synthesis of cartilage components as well. 

Cartilage Is attacked by cellular and molecular 
components of the inflammatory cascade: neutro- 
phils can damage the cartilage matrix components 
and can inhibit the synthesis of proteoglycans. The 
neutrophil-medlated degradation of the cartilage 
matrix can be experimentally partially reverted by 
N- methoxysuccinyl - Ala - Ala - Pro - Val * chlorome- 
thylketone (MAAPV-CMK), a specific leukocyte 
elastase inhibitor, which suggests the involvement of 
enzyme activities, whereas some oxidants, particu- 
larly hypochlorous acid and hydrogen peroxide, also 
can mediate cartilage degradation and/or inhibit pro- 
teoglycan synthesis (46). 

The two major components of the cartilage 
matrix are proteoglycans and collagen, and in 
patients with osteoarthritis a progressive depletion 
of proteoglycan, with modified structure (decreased 
oontent in hyaluronic acid) and an altered hydration 
and structure of type II collagen has been observed. 
Experimental studies using human articular carti- 
lage from patients with osteoarthritis have shown 
that in in vitro conditions, nimesulide significantly 
inhibits the synthesis of stromelysin (proteoglyca- 
nase) and collagenase, two metalloproteinase 
enzymes degrading proteoglycans and collagen, 
respectively, whose activity is normally controlled by 
physiological arP^telnase Inhibitors (tissue metal- 
loproteinase inhibitors). The drug has, in conse- 
quence, a preventive role against cartilage matrix 
degradation (47). Moreover, as reported above, 
* nimesulide by scavenging the hypochlorous acid 
released by neutrophils through the action of mye- 
loperoxidase, prevents the oxidative inactivation of 
a t -proteinase inhibitor (33, 34), further preventing 
cartilage degradation. In addition,, by increasing 
cAMP levels as a result of the inhibition of phospho- 
diesterase type IV, nimesulide enhances the synthe- 
sis of proteoglycans (48), These phenomena may be 
an important advantage in the treatment of osteoar- 
thritic diseases. 

Similarly, nimesulide has been shown to inhibit 
the inactivation of ai-antitrypsin through the inhibi- 
tion of the production of free oxidants, thus prevent- 
ing the overactivity of neutrophil elastase, an 
enzyme involved in many inflammatory disorders, 
for example of the airways. Neutrophil elastase is 
thought to be the most potent proteolytic enzyme, 



* 

able to digest the major components of the connec- 
tive tissue matrix, and its activity is physiologically 
regulated by <x\ -antitrypsin, a compound primarily 
synthesized by hepatocytesand present in high con- 
centrations in plasma and inflamed tissues, ai -Anti- 
trypsin can be inactivated through oxidation of a 
methionine residue mainly by attack by hypochlo- 
rous acid, which means that nimesulide has a role 
also in controlling the elastase/antleiastase imbal- 
ance in inflammatory diseases of the airways (29, 
30, 33, 34). 

Other \r\ vitro activities of nimesulide 

Experimental studies in guinea pigs have shown 
that nimesulide possesses antihistamine activity 
and inhibits immune-mediated release of histamine 
in a noncompetitive manner. The drug, at a dose of 
t.6 |imol/kg I, v., inhibits both bronchoconstriction 
(69%) and thromboxane B 2 formation (93%) 
induced by histamine in anesthetized guinea pigs, 
whereas the release of histamine in isolated per- 
fused lungs induced by an experimental anaphylac- 
tic reaction is lessened with an EC 50 value of 3.06 
HM. In isolated guinea pig trachea the activity of 
•nimesulide was specific for the Hi receptor type, with 
a potency nearly half that of mepyramine (pyrilamine 
maleate). Indomethacin failed to antagonize the 
bronchoconstrictor activity of histamine in guinea pig 
airways, and whereas nimesulide concentration-de- 
pendently reduced the anaphylactic release of hista- 
mine, Indomelhacin. in spite of inhibiting thrombox- 
ane formation, potentiated the immune release of 
histamine (49, 50). 

Inhibition of the release of preformed histamine 
and de novo synthesized mediators of inflammation 
(leukotriene C 4 and prostaglandin D 2 ) by nimesulide 
was also demonstrated in Incubated human baso- 
phils and mast cells stimulated with calcirfiycln, 
fMLP, TPA, the specific protein kinase C activator 
bryostatin and rabbit anti-human IgE antibody. On 
the contrary, acetylsalicyllc acid, indomethacin and 
meclotenamic acid enhanced, rather than inhibited, 
IgE-mediated histamine release from human baso- 
phils (51 , 52). Furthermore, in ovalbumin-sensitlzed 
guinea pigs challenged with antigen, inhaled nime- 
sulide (0.1-1%) significantly delayed the respiratory 
burst and reduced blood histamine concentrations, 
as well as diminishing the experimental bronchocon- 
striction induced by intravenous acetaldehyde (53. 
54). 

The respiratory burst is inhibited by nimesulide 
independently of cytoplasm pH-regulating mecha- 
nisms, indicating that the drug does not act through 
NaW-ATPase, which has been suggested to be 
one of the mechanisms of action of antiinflammatory 
drugs on NADPH oxidase and O; release from 
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Table It: General pharmacology of nimesulide. 



Pharmacological activity 


Material/model 


Results 


Rate 


In vitro tests 








Inhibition of cyclooxygenase 1 


Bovine seminal vesicle microsomes 
Bovine seminal vesicles 


IC S0 »' 2.3 mM 

IC50 = 0.985 jiM-inactlve 


7,11,19,20 


Inhibition of cyclooxygenase 2 


Sheep placenta 


IC S0 = 0.05-90.3 fiM 


1,19,20 


Inhibition of PGE 2 production 


Rabbit renal medulla microsomes 
Mouse flbroblasts/bradykinin- 
stlmulated 


lw§Q — \j.\J£. £UVI 

IC 50 = 1.36 pM 


1 00 


Inhibition of leukotriene production 


Neutrophifs/zymosan-induced 
-VfMLP-induced 


An .. KA 

lv»50 = 10 HM 
ICsq a 50 **M 


A r\ 

40 


Inhibition of 5-HETE production 1 


Guinea pig peritoneal exudate cells/ 
- calclmycln-stlmulated — - - - 


ICcn > 0 3 uM 

IVhn r w*W IMrl 


168 








Inhibition of phosphodiesterase type IV 2 


IC50 = 3d (jM 


38 


Inhibition of anaphylactic reaction 


Sensitized isolated guinea pig lungs 


IC 50 = 3.06 jiM 


49 


Inhibition of lgE*mediated TxB 2 


Sensitized isolated guinea pig lungs 


IC S0 = 3.35 fiM 


49 


Scavenging of free radicals 


Phosphatidylcholine liposomes 


ICso = 2.1-8.3 ]M 


165,169 


Inhibition of oxidative reactions by 
•OH 


Phosphatidylcholine liposomes 


IC 50 = 1-33 jiM 


169 


Inhibition of lipid peroxidation 


Rat liver microsomes 


IC 50 = 30 jtM 


42 


Inhibition of proteinase release 


Human leukocytes 


IC 30 = 0.03-0.06 \M 


59 


Inhibition of PAF synthesis 


Neutrophils/zymosan-inducod 
•^/fMLP-induced 


ICso s 20 uM 
IC 50 = 30 11M 


40 


In vivo and ex vivo tests 3 








Inhibition of PGE 2 production 


Rat gastric tissue (COX-1) 

Rat inflammatory exudate (COX-2) 


ED 50 = 15.7 mg/kg 
cl^so a i t«iD mg/Kg 


170 


Inhibition of TXB2 production 


Rat gastric tissue (COX-1) 

Rat Inflammatory exudate (COX-2) 


EDso = 17.9 mg/kg 
cUqo 3 1 mg/Kg 


170 


Inhibition of writhing 


Mice/acetic acld-lnduced 
— /phenylqulnone-lnduced 
— /acetylcholine-induced 

Rats/acetic acid-induced 


tuso - 4u mg/Kg 
ED50 = 18 mg/kg 
ED50 = 10 mg/kg 
ED 50 = 3-21 mg/kg 


171 ,172 


Inhibition of carrageenan-induced 
paw edema 


Rats 


cl/qq = ^.u-t.o mg/Kg 




Inhibition of paper disk granuloma 
formation 


Rats 


ED 30 = 0.6 mg/kg 


171 


Inhibition of hind paw swelling 


Rats with adjuvant arthritis 


ED40 = 0.2-1.6 mg/kg/day 


171-173 


Inhibition of UvMnduced erythema 


Guinea pigs 
Rats 


EDso =1.4-4.5 mg/kg 
ED 50 = 2.3 mg/kg x 2 


9.171 


Analgesic activity 


Rats/Randall-Selitto test 
— /yeast-Induced hyperesthesia 


ED S0 = 3.5-5.2 mg/kg 
ED 50 = 5.2 mg/kg 


9,171 


Hypothermic activity 


Rats/yeast-lnduced fever 


ED50 = 0.2-0.5 mg/kg 


171,174 


Inhibition of platelet aggregation 


Guinea pig platelet-rich 
Plasma/ADP-induced 
— /arachidonic acld-lnduced 
—/collagen-Induced 


ED50 = 2.71 mg/kg 
ED S0 = 1.65 mg/kg 
ED 5 o = 1.65 mg/kg 


174 


Inhibition of antigen-induced dyspnea 


Ovalbumin-sensitized guinea pigs 


ED 17S = 1.6 mg/ml Inhal 


175 


Inhibition of histamine production 


Ovalbumin-sensitlzed guinea pigs 


ED25 = 2.7 mg/ml inhal 


175 


1 5-Hydroxyeicosatetraenoicacid. This test rules out an action of the drug on the 5 -lipoxygenase arachidonic acid cascade 
leading to leukotriene synthesis, 2 Related to Ojformatlon and histamine release. ^All values reported correspond to oral 
administration of the drug. 
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neutrophils (55). In contrast to acetylsalicylic add or 
indomethacin, which can induce bronchoconstric* 
tion in patients with intolerance to acetylsalicylic acid 
or other NSAIDs or bronchial asthma, nimesulide 
generally does not lead to severe obstructive reac- 
tions in these kind of patients. This is a further con- 
firmation of the very good safety profile of the drug 
also in populations "at risk" (56-58). This lack of 
obstructive. reactions may be related to the inhibitory 
effect of nimesulide on IgE-related, histamine-me- 
diated bronchoconstriction and on the weak inhibi- 
tory activity of leukotriene production. 

Comparative experimental tests have shown 
that nimesulide inhibits the activation of rat perito- 
neal and bronchoalveolar leukocytes and human 
leukocytes stimulated with opsonized zymosan, and 
also inhibits the release of proteinase from human 
leukocytes, nimesulide being more potent than indo- 
methacin and nedocromil sodium (59). 

Table II shows the main pharmacological find- 
ings with nimesulide in in vitro and in vivo studies in 
animals. 

Toxicity 

Acute and chronic toxicity studies on nimesulide 
produced LD50 (acute studies) and noneffect doses 
(chronic studies) much higher than the oral antiin- 
flammatory doses in mice, rats and dogs, according 
to data on file in Helsinn Healthcare, S.A. On the con- 
trary, the results of reproductive toxicity assess- 
ments suggest that nimesulide should not be given 
to pregnant women due to the risk of teratogenicity 
demonstrated with high doses in rabbits. On the 
other hand, nimesulide was shown to be nonmuta- 
genous in an Ames test and several other mutagenic 
tests (60). 

The main toxicity of NSAIDs in clinical use is the 
risk of gastric ulcer, which has been the object of sys- 
temic experimental and clinical studies. In a compar- 
ison with indomethacin, nimesulide exhibited a UD 50 
value of >20 mg/kg p.o. ? whereas the corresponding 
value for the reference compound was 1 .6 mg/kg 
p.o. This fact reveals the lower gastrotoxicity profile 
of nimesulide, which is the main toxicity concern of 
NSAIDs (8). 

Clinical Evaluation 

The greatest anticipated benefit of a selective 
COX-2 inhibitor will be a favorable side effect profile 
with no loss of antiinflammatory activity in compari- 
son with standard NSAIDs, which Is of the utmost 
importance for chronic treatments in elderly patients, 
those most frequently attained by rheumatic pro- 
cesses requiring long-term analgesic and antiinflam- 
matory treatment Nimesulide, the first COX-2 inhibi- 
tor to reach the market, has been tested in controlled 



clinical trials in patients with a very high spectrum of 
inflammatory, painful and/or hyperthermic condi- 
tions in adult, pediatric and elderly patients, including 
patients with osteoarticular (27, 61-73), otorhinola- 
ryngological (74-79), odontologlcal (80-88), respira- 
tory (89, 90), vascular (91-93), male (94, 95) and 
female genitourinary (96-99) (dysmenorrhea 
[(100-104]) and other painful Inflammatory pro- 
cesses as well as patients with fever of varying etiol- 
ogy (105-118 and pain from surgery and traumas 
(119-128) or chronic pain from other etiologies 
(129-131). Furthermore, although bacterial infec- 
tious diseases require adequate antibacterial 
agents, antiinflammatory drugs can be given for 
symptomatic relief of pain and inflammation. Nime- 
sulide has also been used as adjuvant treatment in 
patients with bacterial infectious disease (1 32-142). 

In all these clinical trials, nimesulide at the rec- 
ommended oral dose of 100 mg b.i.d., has shown 
antiinflammatory, analgesic and antipyretic efficacy 
comparable or superior to usual reference NSAIDs 
(acetylsalicylic acid, metami20le [dipyrone], diclofe- 
nac, piroxlcam, naproxen, etodolac, flurbiprofen, 
ketoprofen, mefenamic acid) and good or excellent 
tolerability, mild and transient adverse reactions 
being observed in <1 0% of patients. 

The first postmarketing survey in the short-term 
treatment of osteoarthritis, involving a total of 22,938 
patients, was published in 1991 (61). The drug was 
given as tablets or granules at doses of 1 00-400 mg/ 
day for 1-3 weeks, and the treatment was effective 
in relieving spontaneous pain and stiffness with a low 
incidence of side effects (8%), mostly gastrointesti- 
nal discomfort. 

The most favorable dose of the drug in terms of 
efficacy/safety has been calculated as 100 mg b.i.d. 
in a recent multicenter, double-blind, parallel clinical 
trial in 392 patients with osteoarthritis; doses of 50 
and 100 mg b.i.d. Were well tolerated, whereas 
doses of 200 mg b.i.d. led to a higher but nonsignifi- 
cant Incidence of side effects. On the other hand, sig- 
nificant analgesia was obtained within 1 .5 hours with 
the dose levels of 100 and 200 mg b.i.d., thus the 
dose of 100 mg b.i.d. was determined as the most 
adequate (73). 

The results of the comparative trials with nimesu- 
lide and' reference NSAIDs in terms of clinical effi- 
cacy are summarized in Figure 6. 

Nimesulide also proved to be effective in pediat- 
ric patients; the major results of most trials are illus- 
trated by a trial in 6055 children with diverse inflam- 
matory affections in which a highly statistically 
significant regression of signs and symptoms of pain 
and inflammation was seen, with good or excellent 
tolerability in 99.62% of the patients (143). 
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Fig. 6. Clinical efficacy Of nimesulide (50-200 mg bid,) and reference N$AIDs In the symptomatic treatment of painful 
inflammatory diseases. (Data correspond to the comparative trials presented in the text.) 



Side Effects and Drug Interactions 

Most clinical studies comparing nimesulide to 
other NSAIDs have documented similar or greater 
efficacy of the new compound as regards analgesic, 
antiinflammatory and hypothermic activities, with the 
advantage of Its better tolerability in adult, pediatric 
and elderly patients (64, 74, 137, 144). A trial con- 
ducted in healthy volunteers with doses up to 600 
mg/day p.o. for 7 days has shown no evidence of 
clinically significant alterations in hematological or 
biochemical assays or nephrotoxicity, while doses of 
800 mg/day, twice the highest recommended dose, 
were associated with abdominal pain in 5/8 (62.5%) 
patients (145). Epidemiological data from 151 trials 
with nimesulide revealed an overall incidence of side 
effects of 349/4945 (7.1%) patients, with a rate of 
withdrawal due to toxicity of 52/4945 (1.1%). The 
majority of adverse reactions recorded affected the 
digestive system (72.1%), followed by the body as a 
whole (11.7%) r the skin (6.9%) and the nervous sys- 
tem (6.0%). However, the incidence and nature of 
such adverse events were similar to those observed 
in the corresponding placebo groups of each clinical 
trial, demonstrating the good tolerability of nimesu- 
lide (146). 

The long-term tolerability of the drug was 
assessed In a nonbllnded fashion in a group of 134 
patients with osteoarthritis treated with doses of 1 00 
mg p.o. b.i.d. for 1 year. Good clinical tolerance was 
observed in 77% of patients, with poor tolerance in 
only 7%. The most frequently reported adverse 
events were gastrointestinal complaints (51% of 
total adverse reactions observed), followed by cen- 
tral nervous system (6.8%) and skin reactions 
(6.8%), In general, adverse reactions were mild and 



transient, severe reactions being observed in only 
9/133 (6.8%) patients, The incidence of side effects 
decreased with increased treatment duration (Fig. 7) 

(147) . 

The main concern regarding the adverse reac- 
tions of all NSAIDs Is the risk of gastric irritation 
resulting from the inhibition of endogenous prosta- 
glandin production. NSAIDs are known to provoke or 
exacerbate gastroduodenaJ lesions and ulcers in 
four distinct ways: (i) causing acute mucosal injury, 
with intramucosal hemorrhage, that leads to diffuse 
erosion and ulceration; (ii) interfering with platelet 
function, with an increased risk of bleeding from pre- 
existing lesions; (iii) provoking solitary ulcers in 
chronic .administration of relatively high doses; and 
(iv) exacerbating ulcers and causing ulcer complica- 
tions in patients with preexisting peptic ulcer disease 

(148) . Other factors that may contribute to tissue 
lesions include free oxidants (O^ , hypochlorous 
acid) and extracellular proteases acting on the tissue 
matrix, NSAIDs, in general, do not enhance the pro- 
duction of such factors, but they do not prevent its 
pathological activation either.. 

NSAIDs are a nonhomogeneous drug family 
characterized by a potent inhibitory activity on cyclo- 
oxygenase, the enzyme that leads to the synthesis 
of proinflammatory prostanoids but also of prosta- 
glandins critical for the correct gastric protection and 
renal function, among other important effects. As a 
consequence, treatment with NSAIDs relieves 
inflammation, but has deleterious effects on gastric 
mucosa (risk of peptic ulcer). In addition, these com- 
pounds have been associated with other significant 
side effects, which include nephrotic syndrome, 
acute interstitial. nephritis, and electrolyte and water 
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Fig, 7, Incidence of side effects during long-term treatment with nimesulide. The actual incidence of side effects through 
time and the global tolerability profile of the drug In long-term treatment (insert) are shown. (Data from ref, 1 47.) 



disturbances, especially after chronic treatment of 
rheumatoid arthritis in the elderly (149). 

However, nimesulide, by Its low activity on 
COX-1 and a selectivity ratio of >1000 for COX-2, 
may have a better ulcerogenic profile in comparison 
with standard drugs of this class, which may depend 
on its not Inhibiting significantly the cyclooxygenase 
subtype present In gastric cells and responsible for 
the synthesis of critical , physiological prostaglandins 
and thromboxanes required for vascular homeosta- 
sis and gastric and kidney functions. Furthermore, 
the drug also acts as a phosphodiesterase type IV 
inhibitor and free radical scavenger, and also pro- 
tects the tissues from protease-mediating degrada- 
tion. The sum of all these facts: selective Inhibition of 
COX-2, Inhibition of phosphodiesterase type IV, 
scavenging of free oxidants and prevention of the 
activity of collagenase and elastase means that 
nimesulide not only is active by different mecha- 
nisms as an antiinflammatory, but also has a protec- 
tive role complementary to its antiinflammatory 
activity on gastric mucosa as well as in cartilages 
and the airways wall, for example. 

In fact, In a comparative, single-blind trial in 32 
patients with articular inflammatory diseases, in 
which the gastric toxicity of nimesulide (200 mg/day) 
and indomethacin (1 50 mg/day) was compared after 
12-15 days of treatment by means of an endoscopic 
examination, both drugs were equipotent, but nime- 
sulide was related to fewer gastric Injurylng effects 
(150). In this respect, nimesulide (100 and 200 mg 
b.i.d.) was compared to placebo In 30 dyspeptic 
patients, and gastric injuries were observed in one 
subject receiving each nimesulide dose and two 




/>/// 



Fig. 8. Comparative positive challenges of nimesulide, 
other NSAIDs and paracotamol on endoscopically 
examined gastric mucosa. Data correspond to the results 
of oral challenges with various antiinflammatory drugs in 
patients with known intolerance to NSAIDs. (Data from 
ref. 152.) 

patients in the control group, with an incidence of 
adverse effects comparable in all groups (151,1 52). 

A further comparison between nimesulide and 
diclofenac in patients with osteoarthritis examined 
by endoscopy revealed no statistically significant dif- 
ferences in the gastrotoxicity of both drugs (153), 
even if a slightly positive trend was seen in favor of 
nimesulide treatment. 

Moreover, oral challenges with various NSAIDs 
and paracetamol in 112 patients with proven intoler- 
ance to NSAIDs revealed no positive challenges to 
nimesulide (Fig. 8), whereas further assessments 
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Fig. 9. Incidence of side effects in the clinical trials presented in the text with nimesulide and reference NSAIDs (64-67, 91 , 
96-98,105-112,134-139,167), 



with nimesulide In 284 and 429 patients with intoler- 
ance to NSAIDs (mainly acetylsalicylic acid) showed 
mild drug-Induced positive reactions in only 14/284 
(4.9%) and 11/429 (3.3%) of them (154, 155). These 
studies point out the usefulness of nimesulide in 
patients with hypersensitivity or intolerance to ace- 
tylsalicylic acid and other NSAIDs, who require treat- 
ment for concomitant inflammatory diseases. 

On the other hand, nimesulide has been rarely 
associated with the troublesome cutaneous reac- 
tions induced frequently by other NSAIDs (urticaria/ 
angioedema, fixed eruptions, exanthemas, ery- 
thema multiforme, Stevens-Johnson syndrome), 
especially the salicylates (acetylsalicylic acid), the 
pyrazolones (pheprazone, metamizole), the fona- 
mates (mefenamic acid, meciofenamic acid) and the 
oxicams(piroxicam,tenoxicam)(158, 157). Nimesu- 
lide also has a better profile in comparison with other 
NSAIDs in terms of the risk of urtlcaria/angioedema, 
bronchial asthma or polymorphous erythema In 
atopic patients (158), although a fixed eruption in 
reaction to the drug has been identified in an Italian 
epidemiological analysis (159). 

The overall comparative side effects profile of 
nimesulide and representative reference NSAIDs is 
summarized In Figure 9. 

With respect to drug interactions, nimesulide has 
been shown to decrease the oral bioavailability of 
furosemide and to displace fenofibrate, salicylic acid 
and tolbutamide from plasma protein binding. No 
other interactions have been reported to date (1 60). 
Moreover, although some authors have reported an 
interaction between nimesulide and warfarin, with an 
increased risk of bleeding, a study in 10 patients 
treated concomitantly with 100 mg b.i.d. nimesulide 
and 5 mg/day warfarin did not show statistically sig- 
nificant differences in prothrombin time, partial 
thromboplastin time, flbrinogenemia or bleeding 
time. The findings suggested that short-term treat- 
ment with nimesulide does not increase the bleeding 



risk of warfarin (161). No interaction has been 
observed with short-term nimesulide (7 days) and 
digoxln (0.2 mg/day) in patients with heart failure 
(162). 

Conclusions 

Nimesulide Is a multi-action antiinflammatory 
compound. It inhibits prostaglandin production by 
selectively inhibiting the cyclooxygenase pathway 
leading to the production of proinflammatory prosta- 
glandins, it also inhibits the production of oxidants 
(oxygen free radicals, long-lived monochloramlnes, 
hypochlorous acid) from activated neutrophils and 
other inflammatory cells, the release of histamine 
from mast cells and basophils, and the production of 
platelet activating factor by neutrophils and baso- 
phils (1 63). The drug also has a scavenging effect on 
the oxidants released from polymorphonuclear cells 
and recent studies have shown it to block the activity 
of stromeJysin and other matrix metalloproteinases 
in human articular chondrocytes, an enzyme system 
which is involved in the pathophysiology of osteoar- 
ticular disorders (47, 48). Furthermore, as leuko- 
triene production in polymorphonuclear cells can 
also be modulated by histamine, nimesulide also has 
an inhibitory effect on leukotriene production. 

The clinical trials briefly reviewed in this report 
have clearly demonstrated the good efficacy and the 
tolerability of nimesulide in the treatment of the clas- 
sical inflammatory diseases that are the main indica- 
tions of NSAIDs, namely inflammatory osteoarticular 
diseases. The drug has also been very successful as 
an analgesic in dental conditions and surgery, and as 
regards inflammatory processes of the upper respi- 
ratory tract, nimesulide has been documented to be 
highly effective in relieving symptoms of rhinitis, 
sinusitis, rhinopharyngitis, tubaritis and secretory 
otitis media, with the concomitant antibiotic treat- 
ment of underlying infectious diseases (164). In this 
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broad spectrum of pathologies nlmesulide has been 
at least as effective as representative reference anti- 
inflammatory drugs, such as acetylsalicylic acid, 
paracetamol, naproxen, diclofenac, etc., with the 
advantage of a tendency towards a lower incidence 
of side effects, especially with respect to gastrointes- 
tinal tolerance. 

One of the main advantages of nimesulide is its 
tolerabillty profile. NSAIDs are known to have injuri- 
ous effects on mucosal protection and repair, and 
chronic treatment may lead to peptic ulcers. How- 
ever, the demonstration that proinflammatory pros- 
taglandins are synthesized by an inducible form of 
cydooxygenase (COX-2) has opened a new era of 
research in the treatment of inflammatory diseases, 
as compounds that selectively inhibit this Isoform 
would be expected to be antiinflammatory without 
the gastrointestinal and renal toxic effects of stan* 
dard NSAIDs, which are believed to be due to the 
inhibition of the constitutive enzyme COX-1 (17, 22, 
24, 149). Nimesulide, which was a drug available 
before the discovery of COX-1 and COX-2 isoforms 
and whose exact mechanism of action was highly 
unknown since no marked inhibition of physiological 
prostaglandin synthesis was found, has been 
recently shown to selectively inhibit COX-2, the 
inducible form of the enzyme present only in sites of 
inflammation, respecting the constitutive isoform, 
COX-1 , which contributes to the synthesis of prosta- 
noids crucial for mucosal defenses, As a conse- 
quence, nimesulide has a very low ulcerogenic risk 
in comparison with classical NSAIDs, which may 
reduce the risk of mucosal injuries during treatment 
of inflammatory diseases. Furthermore, there is 
increasing evidence that direct injury to both muco- 
sae and endothella Is mediated by free-radical spe- 
cies, exacerbated by reduced blood flow and by the 
release, of inflammatory mediators that enhance 
vascular leakage and hemorrhage (148). Nimesu- 
lide, which also inhibits the production and/or scav- 
enges released free radicals, may further contribute 
to mucosal defenses, while augmenting the antiin- 
flammatory potency. These pharmacological data 
have also been confirmed in clinical studies both 
in healthy volunteers and In patients with intoler- 
ance to NSAIDs, in particular in endoscopic 
assessments of potential gastric damage upon 
administration of nimesulide or comparative refer- 
ence NSAIDs (Fig. 8). 

Although several authors expressed fears that a 
COX-2 selective inhibitor might be less potent as an 
antiinflammatory and analgesic than classical 
NSAIDs, due partly to the feeling that even if it is evi- 
dent that COX-2 is mainly an inducible enzyme 
involved in the inflammatory and mitogenic pro- 
cesses and COX-1 is a constitutive enzyme involved 



In normal functioning of several organs, it Is possible 
that the opposite is partly true as well (165). How- 
ever, the results obtained with nimesulide, the first 
COX-2 selective inhibitor to be extensively used, 
demonstrate that despite its poor activity on COX-1 , 
it is at least as effective as other NSAIDs but shows 
a better tolerability, especially regarding gastrointes- 
tinal toxicity. 
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